Rare co-existance of disease or pathology Background:
Background
Thrombotic thrombocytopenic purpura (TTP) is one of the thrombotic microangiopathic (TMA) syndromes, caused by severely reduced activity of the vWF-cleaving protease ADAMTS13 [1] . Systemic lupus erythematosus (SLE), on the other hand, is an autoimmune disease that can affect various organs and systems in the body, including the hematopoietic system [2, 3] . SLE can present with TMA, and differentiating between SLE and TTP can be very challenging, particularly in patients with no prior history of SLE [2] . Furthermore, an association between these 2 diseases has been described in the literature, with most of the TTP cases occurring after the diagnosis of SLE. In rare cases, TTP may precede the diagnosis of SLE or occur concurrently [4] .
Case Report
A 34-year-old Jamaican female with no previous medical problems presented to an outside hospital because of syncope. Review of systems was remarkable for flu-like symptoms, nausea, and dizziness for a few days prior to presentation. She reported a skin rash over her chest and abdomen, which resolved prior to coming to the United States. Review of systems was negative for photosensitivity, joints pain, oral ulcers, and chest pain.
Her vital signs on presentation were noted for tachycardia 115 beats per minute, BP 121/74 mmHg, no distress, and scars over her chest and abdomen from the previous skin rashes. Respiratory, cardiovascular, and neurological examinations were otherwise unremarkable.
Initial laboratory tests showed anemia; hemoglobin 6.0 g/dL (12.0-16.0 g/dL), thrombocytopenia; platelets count 17,000×10 /L). Total bilirubin was 4.7 mg/dL (0.2-1.3 mg/dL), direct bilirubin was undetectable, lactate dehydrogenase (LDH) was elevated at 2,022 U/L (reference range 84-246 U/L); haptoglobin was undetectable; and peripheral smear showed numerous schistocytes (10-15 per high-power field). Prothrombin time, partial thromboplastin time, and renal function test were within normal limits. Serology for hepatitis, human immunodeficiency virus (HIV), and direct Coombs tests were negative. No proteinuria was found. Other laboratory test results are shown in Table 1 and Figure 1 .
Based on those findings, diagnosis of TTP was made and therapy with plasma exchange and methylprednisone (2 mg/kg) daily was initiated. After 6 days of therapy, improvement was noted on the blood test, with platelets peaked to 132,000×10 6 /L and LDH down to 331 U/L. Soon after, the platelets went down again, to 14×10 9 /L. Refractory TTP was suspected and the patient was transferred to our hospital for further management.
Results of other laboratory test were: ANA 1: 640 speckled (normal <1:80), anti-Smith antibodies 3.2 AI (normal <1.0 AI), ADAMTS13 activity severely reduced <5% (normal >67%), with presence of ADAMTS13 inhibitors; 3.6 inhibitor units (IU) (normal is <0.4 IU)
We resumed plasma exchange and methylprednisone (2 mg/kg) therapy and added rituximab (375 mg/m 2 ) on the first day and was planned for weekly administration. The patient did not respond to the rituximab treatment. Her first week in our center was complicated with 1 episode of generalized tonic clonic seizure, which was attributed to the worsening TTP. We assumed that her TTP was refractory to rituximab therapy; therefore, pulse steroid therapy (1 g daily for 5 days) and cyclophosphamide (500 mg every 2 weeks) were added. After 1 week, her platelet count improved to 202,000×10 6 /L, and LDH and other hemolysis parameters (e.g., AST, direct bilirubin) started to decrease. We continued cyclophosphamide for 2 more cycles (2 weeks apart), plasmapheresis daily for total of 24 days (starting on the day of admission to the other facility), then every 2 days for 3 more cycles, and started prednisone taper prior to discharge.
Discussion
Several disorders can present with microangiopathic hemolytic anemia (MAHA) and thrombocytopenia. These includes the primary thrombomicroangiopathy (TMA) syndromes, including thrombotic thrombocytopenic purpura TTP (hereditary or acquired), shiga toxin-mediated hemolytic-uremic syndrome (HUS), drug-induced TMA (DITMA), metabolism-induced TMA (rare hereditary disorders of vitamin B12 metabolism), and coagulation-induced TMA. Certain systemic disorders can also present with TMA: rheumatologic disorders; pre-eclampsia/ HELLP (hemolysis, elevated liver enzymes, low platelet count) syndrome; severe HTN; systemic infection; systemic malignancy; severe vitamin B12 deficiency; and complications of hematopoietic stem cell or organ transplantation.
TMA is a pathological diagnosis made by biopsy, characterized by thrombosis in the microvasculature (i.e., arterioles and capillaries) [1] , but biopsy is not needed in the appropriate clinical settings.
Lupus rarely presents with thrombotic MAHA (TMA) [2, 3] . It can also be associated with neurological abnormalities, renal involvement, and fever, which are the typical triad of features characteristic of TTP. SLE and TTP occurring simultaneously in an individual patient have rarely been reported in the literature. Whether this occurrence is just a coincidence or represents a true association is largely an unanswered question as there have only been a few such cases reported to date) [4] . Of note, TTP may also occur before or subsequent to SLE, which poses an equal challenge. The underlying pathophysiology of SLE-related TMA is frequently heterogeneous because it can also be due to anti-phospholipid syndrome or vasculitis [5, 6] , which explains why is it imperative to differentiate TMA related to lupus from primary TTP, since any delay in the administration of plasma exchange (PEX) has significant consequences in terms of increased mortality [2] .
Although our patient had no prior history of SLE, and she presented with features suggestive of TTP, her recent history of scarring rash (on chest and abdomen) was challenging in differentiating between these 2 conditions. Her negative Coombs test at presentation is very important here, as it suggested primary TTP as the most likely etiology of her thrombotic MAHA. Later, during her hospital course, she was found to have laboratory evidence of TTP, including severe ADAMTS13 deficiency (<10%), and positive ADAMTS13 inhibitor activity (TTP). We also found laboratory evidence of SLE, such as high titer of ANA, positive anti-Smith antibodies, and reduced total complement level (fulfilling the 2012 Systemic Lupus International Collaborating Clinics/SLICC criteria for diagnosis of SLE).
TTP can be hereditary or acquired. Acquired TTP is characterized by a severe deficiency of vWF protease ADAMTS13 due to an inhibitor (autoantibody) directed against ADAMTS13. However, documentation of a severe deficiency of plasma ADAMTS13 activity (less than 10% of normal) is not essential for the diagnosis of TTP (see below) [7] . In contrast, hereditary TTP is characterized by severe deficiency of ADAMTS13 due to biallelic mutations in the ADAMTS13 gene.
The incidence of acquired TTP is approximately 3 cases per 10 (6) adults per year [8] . The median age for the diagnosis of acquired TTP diagnosis is 41 years. Demographic features associated with an increased risk of TTP include female sex and black race. NOTE: these are similar to the demographic features of SLE [9] .
Acquired TTP usually presents as severe MAHA and thrombocytopenia, sometimes in a previously healthy individual. It can also present in patients with other autoimmune disorders, such as SLE. Whether it is due to a combination of shared demographic features and/or similar pathophysiology is unknown. Initial symptoms may include fatigue, dyspnea, petechiae, or bleeding [10] . Organ involvement in TTP often affects the central nervous system and/or gastrointestinal system. GI manifestations are common and include nausea, vomiting, diarrhea, and/ or abdominal pain. Neurologic findings may include difficulty speaking or transient numbness and weakness, seizures, and coma. Subtle changes such as confusion and headache are especially common [11] . Although acute kidney injury is uncommon, renal involvement can be seen on renal biopsy. Other organs (e.g., the heart) may also be affected, and there can be a wide range of manifestations (e.g., MI, CHF, and SCD) that are often unrecognized causes of increased morbidity and mortality in patients with TTP [12, 13] . Pulmonary involvement is rare. A review of 65 cases with acquired TTP from the Oklahoma TTP-HUS Registry revealed that 34% of patients had no neurologic symptoms, and that high fever and chills, chest pain, and cough were seen in less than one-third of the patients.
A presumptive diagnosis of TTP is made upon the demonstration of MAHA and thrombocytopenia in the absence of an alternative explanation. Although a severe deficiency of ADAMTS 13 protease (<10%) and the presence of an inhibitor to ADAMTS13 confirms the diagnosis of acquired TTP in the appropriate clinical setting, it is not essential for making the diagnosis, as its not 100% specific or sensitive [7] . Some patients with other causes of MAHA and thrombocytopenia can also have severe ADAMTS13 deficiency (e.g., in endocarditis or systemic malignancy) [14, 15] . Thus, diagnosis should not be considered confirmed (or excluded) based solely upon ADAMTS13 activity. One study did show a sensitivity and specify of 100% for ADAMTS13 activity threshold of <10% for the diagnosis of TTP, but the sensitivity fell to approximately 95% when the threshold was lowered to <5% [16] . A mild to moderately low activity of ADAMTS13 (10-50%) occur in many hospitalized patients with inflammatory disorders, as well in patients with TTP who have received multiple transfusions. Normal ADAMTS13 activity (>50%) should prompt the clinician to look for causes of MAHA and thrombocytopenia other than TTP [11, 17] .
TTP is a medical emergency, and therapy should be started as soon as the presumptive diagnosis of TTP is made; it is almost always fatal if treatment with PEX is delayed [18] [19] [20] [21] [22] . Untreated TTP follows a natural course of progressive neurologic deterioration, cardiac ischemia, irreversible renal damage, and death. PEX has become the standard of treatment for TTP and it has reduced the mortality rate from an estimated 90% to less than 10% [19] [20] [21] [22] . The addition of glucocorticoids and rituximab in select cases has further improved the survival and reduced duration of PEX [23] . Although randomized controlled trials are lacking, the usual standard approach is continuation of the PEX and glucocorticoids until the platelet count has been normal for at least 2 days. PEX is then gradually stopped, and glucocorticoids are slowly tapered off thereafter.
Patients with acquired TTP who have not shown a satisfactory response to treatment with PEX and glucocorticoids (defined as doubling of platelet count after 4 days of therapy), who have persistent disease, or who have an exacerbation of symptoms during PEX or within 30 days of stopping PEX and there is confidence in the diagnosis of TTP, are considered to have refractory TTP (30-40% of the patients).
Our patient did not show any improvement with PEX, glucocorticoids, and rituximab, and had a generalized tonic clonic seizure manifesting altered consciousness. Management of these patients, especially those who are critical (e.g., severely reduced platelet count or neurological abnormalities) is very challenging. They may need additional therapies for which there are no specific guidelines/recommendations and the evidence comes mainly from case reports. Agents that have been tried include cyclophosphamide, Bortezomib, Cyclosporine, mycophenolate mofetil, and N-acetylcysteine. Selection of an agent depends on the availability of the agent, patient age, and eligibility for a clinical trial.
We finally started our patient on cyclophosphamide due to her concomitant diagnosis of SLE, and she responded very well. She received 500 mg IV every 2 weeks for 6 cycles, and remains clinically stable with normal platelet count and other lab parameters after 2 months of follow-up.
Cyclophosphamide has been reportedly used as a salvage therapy in refractory disease and relapsing/chronic TTP, after therapy with vincristine, cyclosporine, and splenectomy (rarely performed nowadays) [24] [25] [26] . One study reported 18 patients with severe ADAMTS13 deficiency (<10%), who did not improve with plasma exchanges, steroids, vincristine, and/or rituximab, and were considered for cyclophosphamide vs. splenectomy [27] . Thirteen patients underwent splenectomy 19 days after being diagnosed with TTP. One patient died. The remaining patients achieved durable PLT count in 13 days. Six patients experienced transient worsening of PLT count. Complications included infections (5 cases) and VTE (2 cases). Five patients received pulses of cyclophosphamide 12 days after being diagnosed with TTP. All patients achieved normal PLTs 10 days after the first pulse. Two patients experienced transient worsening and 2 had infections. Three relapses occurred in the splenectomy group at 5 months, 2.5 years, and 4.5 years, and 1 relapse occurred in the cyclophosphamide group at 3.5 years. Overall survival at 2.5 years was 94% [26] .
Conclusions
Thrombotic thrombocytopenic purpura is a life-threatening hematological emergency which must be diagnosed and treated quickly. Refractory cases of TTP have been described in the literature, but without clear evidence-based guidelines for its management and solely based on expert opinion and previous case reports. Further studies are needed to establish guidelines for its management. We present this case to highlight the role that cyclophosphamide might have in these cases and to be a foundation for future studies.
